Recent photometric studies have revealed that surface spots that produce flux variations are present on virtually all L and T dwarfs. Their likely magnetic or dusty nature has been a much-debated problem, the resolution to which has been hindered by paucity of diagnostic multi-wavelength observations. To test for a correlation between magnetic activity and photometric variability, we searched for Hα emission among eight L3-T2 ultra-cool dwarfs with extensive previous photometric monitoring, some of which are known to be variable at 3.6 µm or 4.5 µm. We detected Hα only in the non-variable T2 dwarf 2MASS J12545393−0122474. The remaining seven objects do not show Hα emission, even though six of them are known to vary photometrically. Combining our results with those for 86 other L and T dwarfs from the literature show that the detection rate of Hα emission is very high (94%) for spectral types between L0 and L3.5 and much smaller (20%) for spectral types ≥L4, while the detection rate of photometric variability is approximately constant (30%-55%) from L0 to T8 dwarfs. We conclude that chromospheric activity, as evidenced by Hα emission, and large-amplitude photometric variability are not correlated. Consequently, dust clouds are the dominant driver of the observed variability of ultra-cool dwarfs at spectral types at least as early as L0.
INTRODUCTION
Observational studies have shown that ultra-cool dwarfs (spectral types ≥M7) can display spectrophotometric variability with typical timescales of a few hours (Bailer-Jones & Mundt 2001; Gelino et al. 2002; Littlefair et al. 2008; Artigau et al. 2009; Radigan et al. 2012; Apai et al. 2013; Koen 2013; Radigan et al. 2014; Crossfield et al. 2014; Yang et al. 2016) . Accurate spectroscopic time series using the Hubble Space Telescope and precise 3-5 µm monitoring with the Spitzer Space Telescope, as part of the Storms and Weather on Other Worlds campaigns, indicate that atmospheric spots responsible for this variability are ubiquitous on L3-T8 dwarfs (Buenzli et al. 2014; Metchev et al. 2015) . Some of these observations, combined with state-of-the-art radiative transfer models, have shown that the detected spots can generally be attributed to atmospheric dust clouds that modulate the object's brightness as it rotates (Artigau et al. 2009; Marley et al. 2010; Radigan et al. 2012 ; Morley et al. 2012 ; Apai et al. 2013; Yang et al. 2015) . However, the consistent detection of variability in the warmest spectral types of ultra-cool dwarfs (late-M and early L) also points to another possibility: magnetically induced chromospheric activity and hot or cold star spots, similarly to F-M stars, for which magnetic activity can produce spots (Strassmeier 1994 ) that lead to photometric variability (e.g., Hooten & Hall 1990; Henry et al. 1995 , or Strassmeier et al. 1997 .
Magnetic activity can be revealed in different ways, for example, as emission lines from the chromosphere (e.g., Ca II H and K lines) or from the transition region (e.g., C IV), coronal X-rays, radio emission, and/or spots and flares (Reid 2013, and references therein) . In most cases the observation of these activity indicators is extremely challenging for ultra-cool dwarfs: observations at X-rays and radio wavelengths are limited to the closest ultra-cool dwarfs; while Ca II H and K emissions (λ3968, λ3933Å) are almost undetectable given the low fluxes of ultra-cool dwarfs at ≤6000Å. Several works on F-M stars have shown that Hα emission is also an appropriate tracer of magnetic activity as it correlates with the Ca II H and K lines (Zarro & Rodgers 1983; Pasquini & Pallavicini 1991; Montes et al. 1995) , the C IV line (Rutten et al. 1991) , and/or X-rays emission (Doyle 1989; Young et al. 1989 ). Hα emission is one of the most suitable activity indicators in ultra-cool dwarfs, which emit most of their flux at red optical and nearinfrared wavelengths. Observations of Hα emission have revealed that virtually all SDSS late-M dwarfs are chromospherically active (Schmidt et al. 2007; West et al. 2011) . While for L dwarfs, Schmidt et al. (2007 Schmidt et al. ( , 2015 observed a decreasing fraction of Hα emitters into the Ls; and Pineda et al. (2016) found that 9.2± 3.5 2.1 % of L4-T8 dwarfs show Hα emission. Star spot-like cool regions with frozen-in magnetic field lines are not expected in the highly neutral atmospheres of ultra-cool dwarfs (Mohanty & Basri 2003) . However, energetic magnetic field discharges (∼10 kG) are a potential source of chromospheric heating ("hot spots") as seen in some late-M and early-L dwarfs (e.g., Berger 2002 Berger , 2006 Berger et al. 2008; Yu et al. 2011 ). More recently, optical and radio aurorae have also been proposed as likely drivers of some of the observed photometric variability at optical and near-infrared wavelengths (Hallinan et al. 2015; Kao et al. 2016 ).
The likely magnetic or dusty nature of the atmospheric inhomogeneities of ultra-cool dwarfs has been a much-debated problem almost since the discovery of the first brown dwarfs (Tinney & Tolley 1999; Martín et al. 2001; Bailer-Jones 2002; Lane et al. 2007 ). Recent multiwavelength photometric studies in early L dwarfs have shown sinusoidal periodicities that are well-explained by a thick long-lived cloud. Heinze et al. (2013) presented data for the L3 dwarf DENIS-P J1058.7−1548 in the J, 3.6 µm, and 4.5 µm bands, and showed that it is difficult to account for the observed photometric variability by magnetic phenomena unless they are combined with cloud inhomogeneities. Also, Gizis et al. (2015) showed that the optical light curve of the L1 dwarf WISEP J190648.47+401106.8 has remained stable for ∼2 years and in phase with other light curves at 3.6 µm and 4.5 µm, while its variable Hα emission is not synchronized with the light curves. Such observational evidence points to the existence of a long-lived cloud.
Nonetheless, with chromospheric activity expected to produce star spot-like inhomogeneities, it is important to address the question whether star spots, rather than dust clouds, may dominate the photometric variability of active ultra-cool dwarfs. We address this problem through a combination of deep optical spectroscopy of a sample of eight ultra-cool dwarfs, whose photometric light curves have been studied to a high precision with Spitzer, and a literature sample of 86 photometrically and spectroscopically observed L0-T8 dwarfs. We seek to answer whether the combined sample shows a correlation between magnetic activity-probed by the detection of Hα emission-and photometric variability. We briefly describe our sample in Section 2 and the observations and data reduction in Section 3. The main results of our survey and its combination with literature data are presented in Sections 4-5. We discuss their implications for the correlation between observed chromospheric activity and photometric variability in Section 6, and summarize our findings in Section 7.
SAMPLE SELECTION
We selected seven L3-L6 dwarfs and one T2 brown dwarf from the sample of Metchev et al. (2015) . Our targets are among the brightest (J∼13.2-16.3 mag) dwarfs studied in that work, in which they were continuously monitored in the 3.6 µm and 4.5 µm bands for a total of 16-21 h by using the IRAC instrument on Spitzer.
Five objects exhibited photometric periodicities in the 2.7-19 h range, attributed to rotation. Another of our targets seems to be a long periodicity variable with a time scale greater than 50 h, and the remaining two did not show any photometric variability within ±0.91% in either of the 3.6 µm and 4.5 µm bands.
The full names of our targets, their spectral types, variability period (if measured), and J-band magnitudes are listed in columns 1-4 of Table 1 . Henceforth we will use abridged names for the targets. For more details about the objects we refer to Metchev et al. (2015) . Metchev et al. (2015) . b Number of exposures × integration time in seconds.
OBSERVATIONS
We used the two copies of the Gemini Multi-Object Spectrograph (GMOS; Hook et al. 2004 ) mounted on the 8 m Gemini North and Gemini South telescopes to collect optical spectra of our targets. Observations were carried out in queue mode between August 2013 and May 2014.
Five of our targets (J0103+19, J1416+13, J1721+33, J1821+14, and J2148+40) were observed from the North using the R831 − G5302 grating and the remaining three (J1126−50, J1254−01, and J1753−65) from the South with the R831 − G5322 grating. At both telescopes we used a slit of 0.75 (pixel scale of 0.08 ) with a binning of 2 pixels, which yielded a resolution of ∼6Å in our spectra. In each campaign we also used the second order-blocking filter GG455 to avoid contamination of our data with stray light from wavelengths ≤5000Å. For six of our targets we used a central wavelength of 5712 A ("blue configuration"), and for the other two a central wavelength of 7300Å ("red configuration"). Data collected with the blue and red configurations cover 4670-6820Å and 6270-8460Å, respectively. For each target we collected between 8 and 21 individual spectra, by dithering along the spectroscopic slit, with typical exposure times of 780-900 s. On each night we also recorded spectra of Cu+Ar lamps with the same instrumental setup as used for the science targets. No standard spectrophotometric stars were observed in any observing epoch, thus, our final spectra were not calibrated in flux. In columns 5-9 of Table 1 we provide for each target: dates of observations, instrument used, instrumental configuration, number of individual spectra collected multiplied by individual exposure time, and the range of airmass covered.
We used the Gemini package within the Image Reduction and Analysis Facility software (IRAF) for bias subtraction and flat fielding of the data. We extracted the spectra using the IRAF apextract standard routines. We employed typical aperture widths of 20 pixel centered on the spectroscopic traces, which we fit with second-to fourth-order Legendre polynomials. We estimated sky backgrounds from two 20-pixel-wide bands, centered 20-30 pixels away from the trace of the object. Figure 1 shows the final wavelength-calibrated (with a typical uncertainty of ±0.1-0.2Å) and mediancombined spectra for all eight targets.
RESULTS FROM OUR SURVEY

Hα emission
The main motivation of our survey is the search for Hα emission in a set of targets for which we have exquisitely precise determinations of the presence or absence of photometric variability. As seen in Figure 1 , we detect Hα in only one of the eight targets: the field T2 dwarf J1254−01, which is not known to vary photometrically. Hα emission from this T2 dwarf was already reported by Burgasser et al. (2003) . The remaining seven targets in our sample-all L dwarfs-do not show any sign of Hα emission, even though five of them exhibit photometric variability compatible with rotation. 4500 5000 5500 6000 6500 7000 7500 8000 8500
Wavelength ( GMOS spectra of our targets, taken with the blue and red configurations, arranged by spectral type. Spectra were normalized by the average value in the region 6790-6815Å. Some atomic lines and molecular features are labeled. Figure 2 shows the locations of the Hα λ6563Å and Li I λ6708Å lines. Hα emission is not detectable even at low levels among the seven L dwarfs. We collected spectra of most of our targets, with the exception of the L6 dwarf J1416+13, on at least two different nights. Weak signs of Hα are not seen in the individual spectra, either. Therefore, it is unlikely that we have missed a phase of emission. Note that the photospheric Hα absorptionseen from F to mid M stars-is not expected in the spectra of ultra-cool dwarfs (≥M7) since their photospheres are too cool to populate the n = 2 level of hydrogen significantly. Thus, Hα can only be present as an emission line if there is a chromospheric heating (Cram & Mullan 1985; Giampapa 1985; Giampapa & Liebert 1986; Basri 2000) .
We measured the pseudo-equivalent width (pEW) of the Hα emission line detected in J1254-01 by first subtracting the neighboring continuum determined from a 45Å-wide region (excluding the 10Å centered in the Hα line), and then summing the flux contained in the central 10Å as done in Pineda et al. (2016) . We also integrated the flux in different regions of the continuum and adopted the average value as the uncertainty in our pEW. For the remaining 7 targets without Hα emission, we adopted the same procedure for estimating 3σ upper limits. These values are given in Table 3 . 
The one target from which we detect Hα emission, the non-photometrically variable T2 dwarf J1254−01, was observed at three different epochs: one in March 2014, and two on consecutive days in May 2014 (Table 1) . We do not detect any obvious changes in the Hα strength during the ∼2 months that separate the first and the last measurements (Figure 3 ). This may point to the presence of a stable emission region on this brown dwarf.
To investigate the importance of the chromospheric phenomena in the total energy budget of J1254-01 we computed its Hα to bolometric flux ratio. We measured a value of (4.3 ± 2.0) × 10 −19 erg cm −2 s −1Å−1 for the surrounding continuum of Hα in the flux-calibrated spectra of J1254-01 presented in Burgasser et al. (2003) , which in combination with our pEW yielded F α = (11.6 ± 5.3) × 10 −18 erg cm −2 s −1 . Then we used the distance and bolometric luminosity given in Filippazzo et al. (2015) to obtain log(L α /L bol ) = −5.6±0.2. Previous works found log(L α /L bol ) values of -5.8 (Burgasser et al. 2003 ) and −5.9±0.2 , which are in agreement with our determination and suggest that the emission region of J1254-01 could have remained stable since the first Hα observations by Burgasser et al. (2003) 13.3 years ago.
Interestingly, J1254-01 did not show any photometric variability within ±0.15 % (3.6 µm) or ±0.3 % (4.5 µm) during 19 h of continuous monitoring with Spitzer , or within ±1.8 % (I band) or ±4.8 % (Z band) in two observing runs of 4 h each . Sorahana et al. (2013) compared the infrared absolute flux of this dwarf to models, and estimated a radius of 0.84 ± 0.05 R J , which indicates a high surface gravity (log g ≥5.0, Golimowski et al. 2004; Cushing et al. 2008 ) and hence, an old object. Combined with the lack of Hα variability in our observations, accretion of circumstellar material is unlikely as an origin of the Hα emission. Zapatero Osorio et al. (2006) reported a projected rotational velocity v sin i = 28.4 ± 2.8 km s −1 . Combined with the radius estimate, this places an upper limit on the rotation period of 3.6 h. This could have been detected by Metchev et al. (2015) or Heinze et al. (2015) unless the object were not variable at the time of the observations, or unless its rotation axis is strongly inclined so as to hinder the detection of photometric modulations caused by spots that are either always or never visible. Regardless, the combination of strong but unvarying Hα emission and the lack of optical and infrared photometric variability at multiple epochs suggests that the Hα emission mechanism is unrelated to rotationally modulated variability.
Neutral lithium absorption
Three of our targets (J0103+19, J1821+14, and J2148+40) show strong lithium absorption at 6708Å, as already reported in their discovery papers (Kirkpatrick Looper et al. 2008 ). This confirms their substellar nature and masses ≤ 0.060 M independently of their age (Rebolo et al. 1992; Basri 2000; Kirkpatrick et al. 2008 ). We measured their pEWs by integrating the fluxes of the objects between 6695Å and 6722Å. The associated uncertainties and 3σ upper limits for the remaining 5 targets with no obvious absorption were computed as for Hα emission in Section 4.1. These values are also listed in Table 3 . Our pEW measurements are in good agreement with those presented in the corresponding discovery papers of J0103+19 (12Å, Kirkpatrick et al. 2000) , J1821+14 (13.9 ± 0.4Å, Looper et al. 2008) , and J2148+40 (12.1 ± 0.6Å, Looper et al. 2008 ).
ENLARGING THE SAMPLE WITH PREVIOUS STUDIES
The lack of Hα emission in our six variable targets suggests that there is no evident correlation between the existence of magnetic activity and photometric variability. However, a larger sample is needed to attain more robust conclusions. We searched the literature for all L and T dwarfs with measurements of both optical spectra containing the Hα region and optical or near-infrared photometric monitoring lasting at least 2 h (comparable to the shortest rotation periods observed in ultra-cool dwarfs; Metchev et al. 2015) and photometric accuracy ≤5 %. We found 66 L and 20 T dwarfs that fulfill these requirements. Combined with our eight targets, these result in 73 L and 21 T dwarfs. Table 2 lists their full identifiers, spectral types, indications of detection/nondetection of Hα and photometric variability, rotation periods (if measured), filters for the photometric monitoring, duration of monitoring, photometric accuracy, and their references. We visually inspected the light curves of each of these objects to check that they display a convincing variable or non-variable ("flat") light curve within the photometric error as claimed in their references, and similarly for the detections of Hα emission. Given the large number of groups that have contributed to the information listed in Table 2 , the range of spectroscopic and photometric accuracies is wide. The homogenization of these ranges is not a trivial task, and we did not attempt to apply any sensitivity correction. The following discussion is based simply on the number of objects with reported detections or non-detections of either Hα emission or photometric variability. All of the statistics that are discussed below are also synthesized in Table 4 , where we provide the combined number of objects from our survey and from the literature in a series of spectral type bins: L0-L1.5, L2-L3.5, L4-L5.5, L6-L9.5, T0-T4, and T4.5-T8. For each of these bins Table 4 lists the number of objects that are reported to show Hα emission with or without photometric variability, and the number of objects that are reported to photometrically vary with or without Hα emission.
DISCUSSION OF Hα EMISSION AND PHOTOMETRIC VARIABILITY
Armed with the expanded statistics of the enlarged sample, we address two related questions: (1) whether a single mechanism can explain both Hα emission and photometric variability across all L and T dwarfs (Section 6.1), and (2) whether Hα emission may still be correlated with the detection of photometric variability in early L dwarfs (Section 6.2). We then discuss how the Hα emission and the photometric variability mechanisms may differ (Section 6.3).
No single mechanism for Hα emission and photometric variability across L and T dwarfs
The top panel of Figure 4 shows the detection rates of Hα emission and photometric variability per spectral bin (Table 4) ; the ratio of these two rates is also shown. The Hα emission rate is close to 100% at L0-L3.5 types, and drops to ≤35% at spectral types ≥L4. In contrast, the rate of detected photometric variability is approximately unchanged, between 30-50% across all spectral types as already reported by Buenzli et al. (2014) and Metchev et al. (2015) .
We use the Kolmogorov-Smirnov (K-S) two-sample test (Wall & Jenkins 2003) to test if these observables arise from a common distribution function or are statistically different. The cumulative frequency distributions (CFDs) for the Hα and photometric variability detections are shown in the bottom panel of Figure 4 . The K-S test rejects the null hypothesis-that both observables are drawn from the same parent distribution-at the 99.9 % level. We conclude that a single mechanism can not explain the presence of both Hα emission and photometric variability in L0-T8 dwarfs.
No enhanced photometric variability in Hα-emitting early-L dwarfs
The bottom panel of Figure 4 affirms that the maximum change in the relative frequencies of Hα emission and photometric variability occurs at spectral type L3.5. We test whether the proportions of Hα emission for L0-L3.5 dwarfs (p 1 ) and L4-T8 dwarfs (p 2 ) are statistically different by using a classical two-tailed hypothesis test (Feigelson & Babu 2012) , which assumes p 1 = p 2 as the null hypothesis, and p 1 = p 2 as the alternative. For this test, the null hypothesis is rejected with a confidence of 99.9 % if the test statistic, z, satisfies:
≥ 3.29, where n 1 and n 2 are the total number of ultra-cool dwarfs in the L0-L3.5 and L4-T8 spectral ranges, respectively. From Table 4 , p 1 = 46/49 and p 2 = 9/45, which results in z = 10.7. Thus, we can reject the null hypothesis that the rate of Hα detections is the same in the spectral ranges L0-L3.5 and L4-T8 with a confidence of >99.9 %.
The drop in the detection rate of Hα activity at ≥L4 spectral types has also been reported by Schmidt et al. (2015) . These authors note that the activity fraction increases from early M dwarfs peaking at L0-where 90 % of dwarfs seem to be active-and then drops to being negligible, or below their detection limits, for L4-L8 dwarfs. It may be argued that cooler brown dwarfs are intrinsically fainter, and hence Hα emission may be more difficult to detect. However, the same argument should then hold for the detectability of photometric variations. 
Spectral Type We note that similar proportions of Hα-emitting ultracool dwarfs lack detected photometric variability in the L0-L3.5 (32 out of 46) and in the L4-T8 (7 out of 9) ranges. 1 These proportions would be expected to be different if SNR played a role. If target brightness mat-tered, we should be seeing higher incidence of photometric variability among targets with Hα detections.
We conclude that the elevated Hα activity among L0-L3.5 dwarfs is not linked to a higher incidence of photometric variability. This conclusion is based on the statistics of our enlarged sample, but it is also supported by observations and radiative transfer models (Section 1) that probe that photometric variability cannot be explained solely by localized heating from reconnection events.
Disentangling the Hα emission and photometric variability mechanisms
The conclusions from Sections 6.1 and 6.2 indicate that Hα emission and photometric variability in L-T dwarfs are driven by distinct mechanisms.
A likely explanation for the decrease in Hα activity toward later L types is the strong increase of atmospheric resistivity at effective temperatures <2300 K (i.e. spectral types cooler than M9/L0, Mohanty et al. 2002) . As the number of collisions between neutral and charged particles (from atomic ionization) increases with dropping effective temperature, the collisions hinder the generation and transport of currents through the atmosphere. The result is a reduction in the energy available to support a chromosphere and in the generation of Hα emission. For spectral types ≥L4 the resistivity is so high that activity drops severely. The sporadic detections of activity in this range could be the result of the interaction of dust particles that partially ionize the surrounding medium, leading to transient chromospheric features and Hα emission (Helling et al. 2011 (Helling et al. , 2013 .
As much as magnetic activity is an attractive option to account for photometric variability in Hα-emitting objects, especially among early-L dwarfs, the ionization levels of these atmospheres are so low that it is very unlikely that the magnetic field is coupled to the atmosphere. Thus, magnetic fields will not either drive cloud formation or drag structures in the atmosphere with it, which can explain why the detection rate of photometric variability is similar across the L0-T8 spectral range, and not larger for the earliest L dwarfs given their higher activity rate. Moreover, observations at optical and near-infrared wavelengths probe low-pressure regions in the atmosphere typically from ∼0.1 to 10 bar (Allard et al. 2001; Madhusudhan et al. 2011; Yang et al. 2016) , in which the radiative timescales are expected to be short: a thermal incursion introduced by reconnection events is expected to decay in a ∼1 h timescale as seen, for example, in the flares presented by Gizis et al. (2013) and Burgasser et al. (2015b) . Because of this, localized heating cannot be responsible for the structures that are seen over significantly longer timescales on many ultra-cool dwarfs.
Conversely, given the similar photometric variability detection rates from L0 to T8 dwarfs, the dominant mechanism for producing large-amplitude photometric variations may be the same throughout: dust clouds. In fact, there is evidence that dust clouds-predicted to be present in dwarfs ≥M7 (Tsuji et al. 1996) -are important in late-M dwarfs and early-L dwarfs. For example, the M9 dwarf TVLM 513-46546 harbors a multipolar magnetic field with intensities as high as 3 kG (Berger et al. 2008) , and displays both an optical light curve, that has remained stable for at least 5 yr (Harding et al. 2013) , and radio emission ). While these characteristics hint at a role for the magnetic field in setting the inhomogeneities by means, for example, of optical and radio aurorae (Hallinan et al. 2015; Kao et al. 2016) , Littlefair et al. (2008) showed that the dwarf's Sloan-g and Sloan-i light curves are anti-correlated: a fact that is incompatible with a star spot scenario and is better explained with the existence of a dust cloud. In addition, Miles-Páez et al. (2015) found that the I band linear polarimetric light curve of TVLM 513-46546 changes from ≤0.3 % to ∼1.3 %, with the same periodicity as the photometric variations, which is better explained by a dust cloud located at the photosphere.
Other two examples of early L dwarfs displaying both magnetic activity and photometric variability (Heinze et al. 2013; Gizis et al. 2015) were presented in Section 1. In both cases, the best explanation for the observed variability invokes the existence of a dust cloud. Similarly for cooler spectral types, Apai et al. (2013) showed that the variations of the Hubble Space Telescope nearinfrared spectra of two L/T dwarfs are better explained by the combination of variations of both temperature and clouds.
CONCLUSIONS
We searched for Hα emission in a sample of eight L3-T2 dwarfs, all of which had been monitored to a high precision photometrically for 16-21 h in the [3.6] and [4.5] Spitzer bands, to seek a correlation between magnetic activity and photometric variability. We detected Hα emission only in the T2 dwarf J1254-01, which has not been reported as a photometric variable in the literature at either optical or infrared wavelengths. Its Hα emission feature is constant within our observational accuracy for ∼2 months, and there is a hint that it could have remained nearly unchanged for at least 13.3 years. Among the remaining seven L dwarfs of our survey, six are known to vary photometrically, yet did not display any Hα emission.
We expanded our initial sample with data from the literature, yielding a total sample of 94 L and T dwarfs with both spectroscopic measurements containing the Hα region and with photometric monitoring for at least 2 h at optical and infrared wavelengths. We found that the observed rates of Hα emission and photometric variability follow significantly different dependencies as a function of spectral type. The Hα detection rate drops sharply from 88%-100% at ≤L3.5 to <35% at ≥L4, while the detection rate of photometric variability is roughly uniform (30%-55%) over L0-T8. The disparate behavior of Hα emission and photometric variability-both in our high-sensitivity mini-sample of eight L3-T2 dwarfs and in the broader meta-sample of 94 L0-T8 dwarfs-indicates that these two phenomena are uncorrelated. Consequently, even early-L dwarfs, among which Hα emission is nearly ubiquitous, likely have their largest photometric variations driven by dust clouds. These conclusions are supported by previous multi-wavelength analyses of variable M9-L3 dwarfs, which disfavor hot chromospheric spots as drivers for the photometric variability.
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